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FOREWORD 


The  investigation  described  herein  constitutes  one  phase  of  studies 
conducted  during  1964  and  1965  at  the  U.  S.  Army  Engineer  Waterways  Ex¬ 
periment  Station  (WES)  under  U.  S.  Air  Force  Project  No.  410-A,  MIPR 
No.  AS-4-177,  "Development  of  Landing  Gear  Design  Criteria  for  the  CX-HIS 
Aircraft."  (The  CX-HIfl  is  now  designated  C-5A.)  This  project  was  spon¬ 
sored  and  directed  by  the  Landing  Gear  Group,  Air  Force  Flight  Dynamics 
Laboratory,  Research  and  Technology  Division,  Mr.  R.  J.  Parker,  Project 
Engineer. 

These  tests  were  conducted  by  personnel  of  the  WES  Flexible  Pavement 
Branch,  Soils  Division,  under  the  general  supervision  of  Messrs.  W.  J. 
Turnbull,  A.  A.  Maxwell,  and  R.  G.  Ahlvin,  and  the  direct  supervision  of 
Mr.  D.  N.  Brown.  Other  personnel  actively  engaged  in  this  study  were 
Messrs.  C.  D.  Burns,  D.  M.  Ladd,  H.  H.  Ulery ,  Jr.,  W.  J.  Hill,  Jr.,  J.  E. 
Watkins,  and  G.  M.  Hammitt  II.  This  report  was  prepared  by  Messrs. 

Watkins  and  Hammitt. 

Directors  of  WES  during  the  conduct  of  this  investigation  and  prep¬ 
aration  of  this  report  were  Col.  Alex  G.  Sutton,  Jr.,  CE,  and  Col.  John  R. 
Oswalt,  Jr.,  CE.  Technical  Director  was  Mr.  J.  B.  Tiffany. 

Publication  of  this  technical  documentary  report  dees  not  constitute 
Air  Force  approval  of  the  report's  findings  or  conclusions.  It  is  pub¬ 
lished  only  for  the  exchange  and  stimulation  of  ideas. 


KENNERLY  H.  DIGGES 


Chief.  Mechanical  Branch 
Vehicle  Equipment  Division 

AF  Flight  Dynamics  Laboratory 
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ABSTRACT 


This  data  report  describes  work  undertaken  as  part  of  an  overall 
program  to  develop  ground-flotation  criteria  for  the  C-5A  aircraft.  A 
test  section  was  constructed  to  a  width  adequate  for  one  test  lane.  The 
lane  was  divided  into  three  items ,  each  having  different  subgrade  CBR 
values.  Item  1  was  surfaced  with  modified  Til  aluminum  landing  mat, 
item  2  was  surfaced  with  M8  steel  landing  mat,  and  item  3  remained  un¬ 
surfaced.  Traffic  was  applied  to  the  lane  using  a  12 -wheel  (four  abreast 
in  three  rows)  tracking  assembly  with  100-psi  tire  inflation  pressure  and 
273,000-lb  loading.  The  wheel  assembly  consisted  of  twelve  20.00-20, 

22 -ply  aircraft  tires. 

The  information  reported  herein  includes  layout  of  the  test  lanes, 
characteristics  and  print  dimensions  of  the  load  assembly  tires,  and  data 
collected  on  soil  strengths,  surface  deformations  and  deflections,  and 
drawbar  pull.  The  traffic  coverage  level  at  which  each  test  item  was  con¬ 
sidered  failed  is  given. 
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SUMMARY 


Tests  on  Section  16  are  one  phase  of  a  comprehensive  research  program 
to  develop  ground-flotation  criteria  for  heavy  cargo-type  aircraft.  Sec¬ 
tion  16  consisted  of  one  traffic  lane,  lane  35,  which  was  divided  into 
three  items  having  different  subgrade  CBR  values  (figure  9)- 

Traffic  was  applied  to  the  test  lane  using  a  12 -wheel  (four  abreast 
in  three  rows)  tracking  assembly  with  100-psi  tire  inflation  pressure  and 
273,000-lb  loading.  The  wheel  assembly  consisted  of  twelve  20.00-20,  22- 
ply  aircraft  tires.  The  tire  spacings  were  34-44-34  in.  abreast  and  123 
in.  between  tandems.  Figure  11  gives  pertinent- tire-print  dimensions  and 
tire  characteristics . 

The  test  lane  was  trafficked  in  accordance  with  the  criteria  desig¬ 
nated  in  Part  I  of  this  report.  Data  were  recorded  throughout  testing 
to  give  a  behavior  history  of  each  item.  Using  the  test  criteria  men¬ 
tioned  above,  it  was  possible  to  determine  the  effect  of  trafficking  with 
a  simulated  C-5A  load.  Basic  performance  data  are  summarized  in  the  fol¬ 
lowing  paragraphs. 


Item  1 


Item  1  was  considered  failed  due  to  roughness  at  210  coverages.  The 
rated  CBR  of  the  item  was  2.2. 


Item  2 


Traffic  on  this  item  was  discontinued  at  1300  coverages,  with  no 
failure.  The  rated  CBR  was  5*7. 


Item  3 


Item  3  was  considered  failed  due  to  roughness  at  455  coverages.  The 
rated  CBR  was  9«0. 
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AIRCRAFT  GROUND -FLOTATION  INVESTIGATION 


PART  XVII  DATA  REPORT  ON  TEST  SECTION  16 

SECTION  I:  INTRODUCTION 


The  investigation  reported  herein  is  one  phase  of  a  comprehensive 
research  program  being  conducted  at  the  U.  S.  Army  Engineer  Waterways  Ex¬ 
periment  Station  (WES),  Vicksburg,  Miss.,  as  part  of  U.  S.  Air  Force 
Project  No.  4lO-A,  MIPR  No.  AS-4-177>  to  develop  ground-flotation  criteria 
for  the  C-‘A,  a  heavy  cargo-type  aircraft.  Specifically,  the  tests  re¬ 
ported  herein  are  part  of  a  series  of  tests  to  determine  the  degree  of 
interaction  of  the  wheels  of  multiple -wheel  larding  ge;ir  assemblies  on 
landing  mat  and  unsurfaced  soils  under  various  conditions  of  loading. 

Prosecution  of  this  investigation  consisted  of  constructing  one 
traffic  lane  and  subjecting  it  to  traffic  of  a  12 -wheel  ( four  abreast  in 
three  rows)  assembly.  This  report  presents  a  description  of  the  test 
section  and  wheel  assembly  and  gives  results  of  trafficking.  Equipment 
used,  types  of  data  and  methods  of  recording  them,  and  general  test 
criteria  are  summarized  in  this  part  with  more  complete  explanations  and 
illustrations  appearing  in  Part  I  of  this  report. 


SECTION  II:  DESCRIPTION  OF  1EST  3ECTION  AND  LOAD  VEHICLE 


Description  of  Test  Section 


Test  Section  16  (figure  9)  was  constructed  within  a  roofed  area  to 
allow  control  of  the  subgrade  CBR  (California  Bearing  Ratio)  in  the  test 
items.  Section  16  was  located  on  the  same  site  as  prior  Test  Sections  13 
and  15  of  this  series.  Hie  construction  of  Test  Section  15  is  described 
in  Part  XVI  of  this  report.  The  underlying  subgrade  was  undisturbed  by 
prior  tests  on  the  site  so  that  in  construction  of  Section  16  only  the 
upper  2k  in.  of  soil  was  excavated.  Ifce  surface  exposed  by  excavation 
was  scarified  and  recompacted  before  backfilling  the  area  in  for"  compacted 
lifts  with  a  heavy  clay  soil  (buckshot;  classified  as  CH  accord  ig  to  the 
Uhified  Soil  Classification  System,  MIL-STD-619)  •  The  fill  mat  rial  used 
was  a  local  clay  with  a  plastic  limit  of  27,  liquid  limit  of  56,  and 
plasticity  index  of  31*  Gradation  and  classification  data  for  the  subgrade 
material  are  given  in  Part  I. 

One  traffic  lane  divided  into  three  items  was  constructed  in  the  test 
section.  Item  1  was  surfaced  with  modified  Til  aluminum  mat,  and  item  2 
was  surfaced  with  M8  steel  mat  ( figure  10) .  Item  3  remained  unsurfaced . 
Different  subgrade  strengths  were  obtained  in  the  items  by  controlling 
the  water  content  and  compaction  effort. 


Load  Vehicle 


The  multiwheel  load  vehicle  used  in  trafficking  lane  35  is  shown  in 
figure  2.  This  vehicle  consists  of  an  electrically  powered  prime  mover 
with  three  load  carts.  The  load  carts  are  attached  to  the  prime  mover 
through  a  torsion  bar,  and  to  each  other  by  use  of  parallel  bars  that 
maintain  horizontal  stability  while  allowing  the  load  carts  to  oscillate 
vertically.  The  test  load  was  22,750  lb  per  wheel  for  a  total  load  of 
273 >000  lb.  The  wheel  assembly  consisted  of  twelve  20.0G-20,  22 -ply  tires 
inflated  to  a  pressure  of  100  psi,  spaced  34-44-34  in.  abreast  and  123  in. 
between  tandems.  Atypical  tire  contact  area  dimensions,  overall  assembly 
dimensions,  and  pertinent  tire  characteristics  are  shown  in  figure  11. 
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SECTION  III:  APPLICATION  OF  TRAFFIC,  FAILURE  CRITERIA, 
AND  DATA  COLLECTED 


Application  of  Traffic 


Traffic  was  applied  to  the  test  lane  In  a  nonuniform  pattern  with 
intensity  of  traffic  being  varied  to  approximate  the  bell-shaped  traffic 
distribution  curve  which  results  from  the  wander  of  aircraft  from  a  runway 
center  line.  The  multiwheel  traffic  was  distributed  across  the  lane  width 
in  four  zones  of  about  100,  80,  60,  and  20  percent  traffic  coverage  (fig¬ 
ure  l) .  The  coverage  levels  referred  to  in  the  tables  and  text  of  this 
data  report  are  the  total  number  of  coverages  applied  to  the  100  percent 
coverage  zone.  The  corresponding  number  of  coverages  applied  to  the  outer 
traffic  zones  is  proportional  to  the  percentage  factor  for  the  respective 
zones  as  shown  in  figure  1. 


Figure  1.  Traffic  distribution  pattern  for  Test  Section  1 6 


Failure  Criteria  and  Data  Collected 


Failure  criteria  used  in  this  investigation  and  descriptive  terms 
used  in  presentation  and  discussion  of  data  in  all  reports  in  this  series 
are  presented  in  Part  I.  A  general  outline  of  types  of  data  collected  is 
given  in  the  following  paragraphs. 


CBR,  water  content,  and  dry  densi 


CBR,  water  content,  and  dry  density  of  the  subgrade  soil  were  mea¬ 
sured  for  each  test  item  prior  to  application  of  traffic,  at  intermediate 


coverage  levels ,  and  at  failure  or  suspension  of  traffic  if  no  failure 
condition  was  reached.  After  traffic  was  concluded  on  an  item,  a  measure 
of  snbgrade  strength  termed  "rated  CBR"  was  determined.  Rated  CBR  is 
generally  the  average  CBR  value  obtained  from  all  the  determinations  made 
in  the  top  12  in.  of  soil  during  the  test  life  of  an  item.  In  certain 
instances,  extreme  or  irregular  values  may  be  ignored  if  the  analyst 
decides  tliat  they  are  not  properly  representative. 


Surface  roughness,  or 
differential  deformation 

Surface  roughness,  or  differential  deformation,  measurements  were 
made  using  a  10 -ft  straightedge  at  various  traffic  coverage  levels  on  all 
items.  Rut  depths  were  measured  for  unsurfaced  items,  and  dishing  effects 
of  individual  mat  panels  in  the  mat-surfaced  items  were  recorded. 


Deformations 

Deformations,  defined  as  permanent  surface  changes  in  cross  section 
or  profile  of  an  item,  were  charted  by  means  of  level  readings  at  pertinent 
traffic  coverage  levels. 


Deflection 

Deflection  of  the  test  surface  under  static  load  of  the  tracking 
assembly  was  measured  at  various  traffic  coverage  levels  on  both  surfaced 
and  unsurfaced  items.  Level  readings  on  the  item  surface  on  each  side  of 
the  load  wheels  and  on  a  pin  and  cap  device  directly  beneath  a  load  wheel 
provided  deflection  data.  Both  total  and  elastic  (recoverable)  deflec¬ 
tions  were  measured  on  unsurfaced  items.  All  mat  deflection  was  for 
practical  purposes  recoverable,  i.e.  total  deflection  equaled  elastic 
deflection.  The  pin  and  cap  device  for  measuring  deflection  directly 
beneath  load  wheels  was  installed  in  the  subgrade  of  surfaced  items  through 
a  hole  (existing  or  cut)  in  the  mat. 


Rolling  resistance 


Rolling  resistance,  or  drawbar  pull,  measurements  were  performed 
with  the  load  vehicle  over  each  test  item  at  designated  coverage  levels. 
Apparatus  and  procedures  for  determining  drawbar  pull  values  sire  illus¬ 
trated  and  explained  in  Part  I. 


Mat  breaks 

Mat  breaks  on  the  surfaced  items  were  inspected,  classified  by  type, 
and  recorded  on  the  data  sheet  at  various  coverage  levels,  illustrations 
and  descriptions  of  each  type  of  break  in  the  Til  and  M8  mats  are  given  in 
Part  I. 
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SECTION  IV:  BEHAVIOR  OF  ITEMS  UNDER  TRAFFIC  AND  IEST  RESULTS 


Behavior  of  Items  Under  Traffic 


Item  1 


Figure  3  shows  item  1  after  1  pass.  After  210  coverages  the  item 
was  considered  failed  due  to  roughness  (figure  4).  The  rated  CBR  was 
2.2. 


Item  2 


Figure  5  shows  item  2  after  1  pass.  Traffic  was  continued  to  1300 
coverages,  at  which  time  traffic  was  terminated  even  though  the  item  was 
not  considered  failed  (figure  6).  The  rated  CBR  was  5-7- 


Item  3 

Figure  7  shows  item  3  after  1  pass.  After  455  coverages  the  item 
was  considered  failed  due  to  excessive  roughness  (figure  8).  The  rated 
CBR  was  9.0. 


Test  Results 


Test  results  are  summarized  in  table  1.  Soil  test  data  are  pre¬ 
sented  in  table  2. 


Item  1 


Item  1  was  considered  failed  at  210  coverages  of  the  load  vehicle. 
The  following  information  was  obtained  from  traffic  tests  on  item  1. 

Roughness,  At  failure  the  maximum  and  average  transverse  differ¬ 
ential  deformations  measured  1.88  and  1.47  in.,  respectively.  The  maximum 
and  average  diagonal  differential  deformations  measured  2.50  and  2.10  in., 
respectively  (  see  table  l) . 

Deformation .  Permanent  mat  and  soil  crcss-section  deformation  plots 
at  failure  axe  shown  in  figure  12.  It  should  be  pointed  out  that  the  mat 
was  fully  embedded  in  the  subgrade  at  the  start  of  traffic .  However ,  as 
traffic  was  applied,  the  soft  clay  soil  was  displaced  laterally  from  under 
the  load  wheels,  which  caused  the  mat  to  raise  up  and  actually  bridge 
over  or  stand  off  from  the  subgrade  in  the  traffic  lane.  Note  the 
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difference  between  mat  and  subgrade  elevations  at  the  end  of  traffic. 
Figure  13  shows  a  permanent  deformation  profile  along  the  center  line 
of  the  traffic  lane.  The  maximum  mat  deformation  measured  at  failure 
was  1.9  in.  The  maximum  permanent  soil  deformation  at  failure  measured 
4.5  in. 

Deflections .  Deflection  plots  are  shown  in  figure  14.  All  deflec¬ 
tion  measurements  showed  an  increase  with  the  application  of  traffic.  At 
failure,  the  maximum  quarter  point,  center  point,  and  joint  deflections 
measured  6.2,  5*7,  and  5*2  in.,  respectively  (see  table  l).  Elastic 
soil  deflection  at  failure  measured  2.6  in. 

Rolling  resistance.  Rolling  resistance  increased  with  the  applica¬ 
tion  of  traffic  ( see  table  l) .  Initial  drawbar  pull  ( DBP)  increased  from 
29.O  kips  at  0  coverages  to  30.4  kips  at  failure.  Peak  DBP  increased 
from  16.7  kips  at  0  coverages  to  23*7  kips  at  failure.  Rolling  DBP  in¬ 
creased  from  14.5  kips  at  0  coverages  to  21.0  kips  at  failure. 


Item  2 


Item  2  did  not  fail.  The  following  information  was  obtained  from 
traffic  tests  on  item  2. 

Roughness .  When  trsff ' '  was  terminated  at  1300  coverages ,  item  2 
was  still  in  good  condition.  The  maximum  and  average  transverse  dif¬ 
ferential  deformations  measured  I.87  and  1.59  in.,  respectively  (see 
table  1). 

Deformation .  Mat  deformation  plots  sire  shown  in  figure  12,  and  a 
profile  deformation  4  ft  west  of  the  traffic  lane  center  line  is  shown  in 
figure  13.  Although  some  subgrade  consolidation  occurred,  there  was  very 
little  mat  deformation.  When  traffic  was  terminated,  the  maximum  mat 
deformation  measured  was  1.6  in.  (4  ft  west  of  the  traffic  lane  center 
line) . 


Deflections .  Deflection  plots  are  shown  in  figure  14.  All  deflec¬ 
tion  measurements  generally  showed  a  slight  increase  with  the  application 
of  traffic.  When  traffic  was  halted,  the  maximum  quarter  point,  center 
point,  and  joint  deflections  measured  1.5,  1.6,  and  1.5  in.,  respectively. 
Elastic  soil  deflection  at  1300  coverages  measured  1.8  in. 

Rolling  resistance.  Rolling  resistance  values  are  shown  in  table  1. 
Initial,  peak,  and  rolling  DBP  increased  with  the  application  of  traffic 
from  0  to  130  coverages  and  then  remained  relatively  the  same  until  traf¬ 
fic  was  discontinued  at  1300  coverages. 


Item  3 

Item  3  was  considered  failed  at  455  coverages.  The  following  infor¬ 
mation  was  obtained  from  traffic  tests  on  item  3. 


6 


Roughness .  At  failure,  maximum  and  average  transverse  differential 
deformations  measured  4.60  and  3*93  in.,  respectively.  Maximum  and  average 
rut  depths  measured  2.25  and  1.53  in.,  respectively  (see  table  l). 

Deformation.  Permanent  soil  deformation  plots  are  shown  in  figure  12. 
Figure  13  shows  a  profile  along  the  traffic  lane  center  line.  The  maximum 
permanent  soil  deformation  at  failure  measured  2.1  in. 

Deflection.  Only  cap  and  pin  deflections  were  measured  in  item  3* 

The  maximum  total  deflection  at  failure  measured  0.6  in.  The  elastic  soil 
deflection  at  failure  measured  0.5  in.  (see  table  l). 

Rolling  resitaance.  Rolling  resistance  generally  increased  with  the 
application  of  traffic  (see  table  l) .  Initial  DBP  increased  from  14.2 
kips  at  0  coverages  to  17.5  kips  at  failure.  Peak  DBP  increased  from  10.0 
kips  at  0  coverages  to  17.7  kips  at  failure,.  Rolling  DBP  increased  from 
6.6  kips  at  0  coverages  to  11.0  kips  at  failure. 
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SECTION  V:  PRINCIPAL  FINDINGS 


From  the  foregoing  discussion,  the  principal  findings  relating  test 
load,  vheel  assembly,  tire  inflation  pressure,  subgrade  CBR,  and  traffic 
coverages  are  as  follows: 


Type 

Rated 

Coverages 

Load,  Wheel  Assembly, 

of 

Subgrade 

at 

and  Tire  Pressure 

Surface 

CBR 

Failure 

273,000-lb  load,  12-wheel 

Modified  Til 

2.2 

210 

assembly;  20.00-20,  22 -ply 

aluminum 

tires  at  100-psi  inflation 

landing  mat 

pressure 

M8  steel 

5-7 

1300  (no 
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TABIE  2 


SUMMARY  OF  CBR,  DENSITY,  AND  WATER  CONTENT  DATA, 
TEST  SECTION  16,  LANE  35 


Type  of 

Test  Item*  Surface 

No.  of 
Traffic 
Coverages 

Depth 

(in.) 

CBR 

Water 

Content 

(i) 

Dry 

Density 
(lb/cu  ft) 

1 

Modified  Til 

0 

2.2 

28.9 

91.0 

aluminum 
landing  mat 

0 

6 

1.8 

31.4 

87.3 

12 

2.6 

29.8 

88.9 

0 

2.6 

28.8 

92.1 

210 

6 

2.0 

28.8 

91.2 

12 

2.0 

29.8 

91.1 

2 

M8  steel 

0 

4.1 

26.7 

94.9 

landing  mat 

0 

6 

3-3 

28.2 

92.3 

12 

5.7 

25.4 

97.3 

0 

5-7 

25.5 

97.0 

1300 

6 

7.2 

24.0 

99.1 

12 

8.3 

23.8 

99.2 

3 

Unsurfaced 

0 

9.0 

23.0 

98.4 

0 

6 

11.0 

22.2 

97-8 

12 

9.0 

24.1 

99-0 

0 

10.0 

22.0 

101.9 

455 

6 

7.0 

21.9 

102.2 

12 

6.0 

22.2 

100.9 

# 


Note:  For  coverage -failure  information,  see  remarks  column  in  table  1. 
*  Subgrade  material  was  a  heavy  clay  (buckshot;  classified  as  CH) 

*  in  all  test  items. 
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Test  load  cart 


Figure  4.  Lane  35 5  item  1,  failure  at  210  coverages 


Figure  6.  Lane  35?  item  2,  after  1300  coverages  (no  failure) 
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ITEM  2.  PROFILE  4  FT  WEST  OF  CENTER  LINE 


ITEM  3 .PROFILE  ALONG  CENTER  LINE 


LEGEND 


PERMANENT  PROFILE 
DEFORMATIONS 

TEST  SECTION  16 
LANE  35 


/ 

/ 

A* 

/ 

2^ 

/ 

— i — 

i 


CENTER  OF  PANEL 


RTER  POINT  OF  PANEL 


ELASTIC  MAT 
DEFLECTIONS 

TEST  SECTION  16 
LANE  35 


Figure  14 


24 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  RAD 

(S—iriry  etmmmlttcmtimm  oi  title  Rmrfy  mi  mbmtwmct  anrf  tndmmimg  mnnmimtimm  mmemt  bm  mntmemj  ■Am  A 


t.  ORIGINATIM  G  ACTIVITY  (Cmtpmtmtm  mtthoe) 

U.  S.  Army  Engineer  Waterways 

Experiment  Station  I**  ««owe 


1.  REPORT  TITLE 

Aircraft  Ground-Flotation  Investigation 
Part  XVII  Data  Report  on  Test  Section  16 


4.  DESCRIPTIVE  NOTES  (Typm  mi  np««  nN  Imutmmly  *«M> 

Final  Technical  Report 


S-  AUTHORfS)  (Iwt  im— .  IkImm,  Md<U 

Watkins,  J,  B» 

Hammlt,  G*  M.  II 


’•emf  ■Am  thm  mrmtmlt  rmpmrt  h i  cImi^sO 


2«.  REPORT  ACCUNITY  C  L.AMIFIC A TIOM 

UNCLASSIFIED 


4-  REPORT  DATE 


September  1966 


•  «.  CONTRACT  OR  OR  ANT  NO. 

MI  PR  AS-4-177 

k  PROJECT  MO. 

43  QA 


fa.  Oltt«INATOR*f  REPORT  NUM»ER(t) 

AFFDL-TR-66-43,  Part  XVII, 


tL  JHTHER ^AJPORT  NOW  {4«f  iSlU—tlR  M 

None 


,a  a  v a  il  anility/limitation  NOTICES  This  document  is  subject  to  special  export  con¬ 
trols  and  each  transmittal  to  foreign  government  or  foreign  nationals  may 
be  made  only  with  prior  approval  of  the  Air  Force  Plight  Dynamics  Laboratory 
FDFM 


II  SUPPLEMENTARY  NOTES 


IS-  ABSTRACT 

This  data  report  describes  the  results  of  work  undertaken  as  part  of  an 
overall  program  to  develop  ground-flotation  criteria  for  the  C-SA  aircraft. 


DD  .5SK.  1473 


UNCLASSIFIED 

Security  Classification 


1*  ORIGINATING  ACTIVITY:  Eater  the  mm  end  iddress 
el  the  extractor,  nbcwtractar,  pxtri,  Dtpartant  of  Do 
>w»  Ktitttjf  or  ttWr  orgeat  ration  (cwporaft  author)  iimiai 
tla  fipiit 

2a.  REPORT  SECUPtTY  CLASOIP1CATION:  Enter  the  over* 
all  security  claseificatioa  of  tha  wpwt  Indicate  vtotbar 
“Restricted  OdaM  io  iadafwi  Marking  U  to  bo  io  accord- 
aact  with  appityiala  tactvtty  raidaUoaa. 

2b.  QKOUP;  Automatic  downgrading  to  specified  U  DoD  D*- 
racUta  52001 10  mi  Anood  Forces  lad— trial  Manual  Eotar 
tha  group  aodar.  Also,  when  applicable,  a  how  that  optional 
nark  lags  hm  boa  a  aaad  far  Group  3  and  Group  4  m  author* 
load. 

X  MPOFTTTTU:  Sat  or  tha  complete  report  title  la  all 
capttel  letters,  Titloo  la  aft!  caaom  a  braid  bo  radaaslfied. 

BT  a  meaningful  tltlo  cannot  bo  aaloctod  without  classifica¬ 
tion,  abow  tltlo  claaaiflcatlor  in  all  cap  It  ala  in  para  at  boo  la 
immediately  fall  owing  tba  tltla. 

4.  DESCRIPTIVE  NO TUI  If  appropriate,  enter  tha  typo  of 
report  ap,  interim,  propm,  summery,  annual,  or  final* 

Giro  tha  inclusive  dates  whan  a  specific  reporting  period  ia 


imposed  by  security  classification,  using  standard  statements 

aoch  ear 

(1)  “Qualified  request  ers  may  obtain  copies  of  this 


(2)  M Foreign  amsounceasent  and  dissemination  of  this 
report  by  DDC  is  not  authorised.'9 

(3)  “U  8.  Oovemment  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
ueers  ehatl  request  through 


(4)  ,#U.  1  military  sgenclos  may  obtain  copies  of  this 

report  directly  horn  DDC  Other  qualified  users 
shell  request  through 


(5)  "All  distribution  of  this  report  is  controlled  Qial< 
Ifled  DDC  users  shell  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  eotar  the  price,  !f  known 

1L  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MTUTAF  t  ACTIVITY:  Enter  the  name  of 
the  d^»  art  mantel  project  ofl  ice  or  laboratory  sponsoring  (per* 
ini  for)  the  resen cb  end  dr  rsfopmest.  Include  addkess* 

13.  ABSTRACT:  Enter  tt  ebetrvct  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
It  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  apace  is  required,  e  continuation  sheet  shell 
be  attached. 

It  ia  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in- 
fomatioo  in  the  pmptph,  represented  as  (TS),  (S).  (C).  or  * V ). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  ia  from  150  to  225  words. 

14.  KEY  FORDS:  Key  word*  ere  technically  meaningful  terms 
or  abort  phrases  that  characterise  a  report  and  may  be  used  as 
Index  entries  for  cataloging  the  report.  Key  words  mutt  be 
selected  so  that  no  security  classification  ia  required.  Identi¬ 
fiers,  such  ss  equipment  model  desiapetion,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  Indication  of  technical  con¬ 
text.  The  assign w at  of  links,  rales,  and  weighta  ia  optional. 


X  AUTHOVt(S>  Enter  tha  nama(a )  of  authoi(a)  as  shown  on 
or  in  tha  report.  Enter  last  name,  first  asms,  middle  initial. 
If  military,  shew  rank  end  breach  af  service*  The  name  of 
tha  principal  *uther  ia  m  absolute  aisiaw  requirement. 

i  REPORT  DATE:  Enter  tha  data  of  tha  report  as  day, 
north  year,  sr  aorth  yeas  If  mar#  than  one  date  appears 
oa  the  report,  aae  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  Tba  total  page  count 
should  follow  normal  pagination  procedures.  La.,  eater  the 
number  of  pagan  coetateiag  information. 

7b.  NUMBER  OF  REFERENCES:  Eater  tha  total  ranker  of 
reference  a  cited  la  tha  report* 

•a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  eater 
tha  applicable  number  of  tha  contract  or  grant  under  which 


Ik,  Sc,  fold.  PROJECT  NUMBER:  Enter  the  appropriate 
military  tqataak  Identification,  aach  as  project  number, 
subproject  rasher,  spates  anmbers,  tank  mater,  etc* 

fa.  ORIGINATOR'S  REPORT  NUMBERfS):  Eater  the  offi¬ 
cial  report  rants  by  wtdeh  the  doenmeot  will  be  ideMified 
and  controlled  by  the  originating  activity.  Tide  number  amt 
be  unique  te  this  report* 

9b.  OTHER  REPORT  NUMBERS):  If  the  report  hue  been 
assigned  any  ether  report  members  (either  by  the  originator 
or  by  the  epeaaarA  also  eater  this  cumbers)* 

10.  AVAILABOiTY/LlIRTATION  NOTICE*  Eater  any  lb 
it  at  loan  oa  farther  dlssemftaatioa  of  tea  report,  other  then  tft 


Security  Classification 


